The most frequent symptom is headache. This may be severe and increase when the patient lies down or performs a Valsalva manoeuvre, but often the headaches do not have these features. Papilloedema is found in one third of patients and in a few visual acuity is already decreased before admission.
CONFIRMATION OF THE DIAGNOSIS
In clinical practice, computed tomography (CT) of the brain is usually the fi rst imaging technique in patients with headache, seizures or disturbed consciousness. In CVT, the CT may be normal or show intracerebral haemorrhages, infarcts or focal or diffuse brain oedema. In a few patients there may be some hints to the diagnosis of CVT, such as hyperdensity of a thrombosed sinus (Fig. 1) . And, after contrast injection, an occluded torcula often appears as an 'empty' triangle (the empty delta sign). Increased venous collateral circulation can produce intense contrast enhancement of the falx and tentorium. Lesions visible on admission CT may disappear (vanishing infarcts) or new lesions may appear. Unfortunately, the CT features, even the empty delta sign, are not specifi c, and CT cross sectional imaging alone cannot confi rm the diagnosis of CVT. But, where available, CT venography can be performed rapidly and this delineates the intracerebral venous circulation with high sensitivity (Wetzel et al. 1999) .
MRI/MR venography is usually required to confi rm the diagnosis of CVT. MR has the advantage of demonstrating any parenchymal lesions, as well as the thrombus and the non-fi lling vessel (Figs 2 and 3) . Diffusion/perfusion MR shows that the parenchymal lesions are more often due to vasogenic than cytotoxic oedema or infarction (Keller et al. 1999) . Intra-arterial catheter angiography with venous views (Fig. 4) is reserved for cases where the diagnosis of CVT is doubtful on MRI and MR venography. However, catheter angiography cannot distinguish between venous thrombosis and hypoplasia of the anterior one third of the saggital sinus, or asymmetry or atresia of one of the transverse sinuses. The imaging diagnosis of CVT is not always easy and interobserver agreement is not perfect (De Bruijn et al. 1998) . The radiologist has to compare the MR images of the brain parenchyma with the patency and intensity of the signal of the sinuses in different MR sequences. The diagnosis may be especially diffi cult in the fi rst few days of the illness because the fresh thrombus is hypointense on T2 and isointense on T1 sequences. After the fi rst four days the thrombus becomes hyperintense on both T1 and T2 and is easier to identify. Clinicians must inform the radiologist that they want to exclude CVT and ask specifi cally for venography to be performed.
Lumbar puncture may be needed to rule out meningitis and to confi rm raised intracranial pressure in patients presenting with isolated intracranial hypertension. However, it should only be performed after excluding intracerebral haemorrhage or large infarcts with CT, and before any anticoagulation is initiated because of the risk of spinal haematoma in anticoagulated patients.
PREDISPOSING AND PRECIPITATING CONDITIONS
The development of an acute or subacute neurological syndrome in certain clinical settings should make the clinician consider CVT as a possible diagnosis: women taking oral contraceptives; pregnancy and the puerperium; intracranial, ear or sinus infections; cancer; and haematological conditions (Table 1 ). The risk of venous thrombosis in an individual varies throughout life, increasing with episodic conditions such as infections, surgery, pregnancy and the puerperium, or the use of drugs such as oral contraceptives. The individual risk is increased by genetic prothrombotic conditions such as protein C, S and antithrombin III defi cits, hyperhomocysteinemia, and prothrombotic mutations like factor V Leiden or prothrombin 20210 GA (Martinelli et al. 1998; Biousse et al. 1998) . Therefore, in an individual patient, more than one predisposing condition may be present rather than a single cause, for example a woman with factor V Leiden and in the puerperium.
PROGNOSIS
A few patients (about 4%) with CVT die in the acute phase due to increased intracranial pressure and transtentorial herniation, pulmonary embolism, grand mal status, or the underlying condition. The majority make a complete recovery although some patients are left with visual, motor, language, cognitive or behavioural sequelae. But only a minority becomes dependent after CVT. Patients presenting with isolated intracranial hypertension have a much lower risk of neurological deterioration (their greatest risk is visual loss) and a better prognosis than those with other presentations. Some variables have been associated with a less favourable outcome and are listed in Table 2 ( Rondepierre et al. 1995; Bousser et al. 1999; Barinagarrementeria et al. 1992; Preter et al. 1996; De Bruijn et al. 2000; Ferro et al. 2002) .
CVT recurrence is extremely rare, but deep venous thrombosis of the extremities may occur, especially in patients with prothrombotic conditions. Pregnancy seems safe in patients with previous CVT. Late visual loss is rare. Some patients have persisting severe headaches. Seizures are a hazard (10%) in the years following CVT, even in patients who did not have seizures in the acute phase. Patients with seizures in the acute phase, or with intracerebral haemorrhage, have a higher long-term risk of seizures (Ferro et al. 2003) . Dural arteriovenous fi stulae are a rare late complication.
TREATMENT
See Fig. 5 . The treatment of CVT includes managing the predisposing/precipitating conditions, antithrombotics, lowering intracranial pressure and symptomatic treatment for seizures, headaches and visual failure. Given the rarity of CVT, it is not surprising that there is little evidence from randomized trials to help guide individual patient management.
Management of predisposing and precipitating conditions
This fundamental step is relatively easy if the patient is known to have a predisposing condition. But this can be delayed by the diversity of possible causes and the diffi culty in confi rming one or more of them. If the patient is febrile or has evidence of infection, appropriate antibiotics are indicated, fi rst obtaining specimens for culture. If there is sinus or ear infection amoxicillin/ clavulanate or cefuroxime is recommended initially, but occasionally surgical treatment is required. Septic sinus thrombosis requires treatment with a combination of a third-generation cephalosporin and metronidazole. For septic cavernous sinus thrombosis a penicillinase-resistant antibiotic should be added.
Antithrombotic treatment
A meta-analysis of two small trials (Einhäupl et al. 1991; De Bruijn et al. 1999 ) demonstrated a 16% relative risk reduction of death or dependency on anticoagulants (IV heparin or sc.nadroparin) compared with placebo in the acute phase of CVT (De Bruijn et al. 1999 ).
Predisposing conditions
Genetic Table 2 Variables associated with increased risk of a poor outcome in cerebral venous and dural sinus thrombosis group.bmj.com on October 11, 2017 -Published by http://pn.bmj.com/ Downloaded from with conventional therapy, its use should be restricted to patients who are not improving or who deteriorate despite anticoagulation and adequate management of intracranial hypertension.
Treatment of intracranial hypertension
Treatment of intracranial hypertension is a key intervention to improve patients symptomatically and to prevent death in severe cases of CVT: osmotherapy (mannitol), diuretics (acetazolamide or furosemide) or steroids. Patients in stupor or coma may need sedation, artifi cial ventilation and intracranial pressure monitoring. External ventricular drainage and craniectomy are life-saving procedures in desperate cases (Stefi ni et al. 1999) . Symptomatic patients with persistent increased intracranial hypertension are candidates for a lumbo-peritoneal shunt. Repeated lumbar puncture to reduce intracranial pressure should be reserved for patients presenting with isolated intracranial hypertension and papilloedema along with impending visual loss and severe headache.
Symptomatic treatment
Patients with seizures at onset and those who develop seizures in the acute phase should be given anti-epileptic drugs. Patients with risk factors for late seizures -seizures in the acute phase and intracranial haemorrhage (Ferro et al. 2003 ) -should receive anti-epileptics for a year. If they remain seizure free, the anti-epileptics can be gradually discontinued.
Patients with a good prognosis, such as those presenting with isolated intracranial hypertension, also benefi t from anticoagulation (Biousse et al. 1999) . Anticoagulation of CVT is safe (Einhäupl et al. 1991; De Bruijn et al. 1999) , even in patients with intracerebral haemorrhage (Ferro et al. 2001) . Anticoagulation is also useful in the prevention of pulmonary embolism, which is a serious but fortunately rare direct complication of CVT involving the lateral sinus or jugular vein (Diaz et al. 1992) . Therefore, anticoagulation with IV heparin (1000 U/ h, APPT 1.5-2.5x control, for no more than 7 days) or SC nadroparin (0.6 cc, sc, every 12 h, for to 1-3 weeks, depending on the severity of the clinical condition) followed by warfarin with a target INR between 2 and 3 is recommended for all patients with CVT, regardless of the clinical presentation and imaging features. Warfarin should be maintained for 6 months, or longer (eventually for life) in patients with genetic or acquired prothrombotic conditions. Antiplatelet drugs are an alternative for patients with contraindications to anticoagulants.
A systematic review of published case and case-series (Canhão et al. 2003) suggests that local (into the thrombosed sinus) thrombolytic therapy is safe and may be useful in CVT patients with a bad prognosis (Horowitz et al. 1995; Frey et al. 1999) . The concomitant use of mechanical disruption of the thrombus with a rheolytic catheter has also been attempted (Scarrow et al. 1999) . Until the effi cacy and safety of local thrombolysis is assessed in a randomized trial comparing it group.bmj.com on October 11, 2017 -Published by http://pn.bmj.com/ Downloaded from
